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(54) Aerofoil component handling tool

(57) A handheld tool (16) adapted to facilitate the re-
moval of an aerofoil (4) from an array of aerofoils for an
axial flow machine comprises a body portion (18), and
first (24) and second (26) jaw members depending from
the body portion. The first jaw member is shaped to be
insertable between a first aerofoil (4A) and an adjacent
aerofoil (4B) in the array so as to contact a first surface
of the first aerofoil. The position of the first and/or second

jaw member is adjustable to selectively grip the aerofoil
in use. The second jaw member is adapted to contact a
further portion, such as a trailing edge (38) of the first
aerofoil. The tool may allow for manual levering and/or
impact forces to be applied to the aerofoil. A method of
removal of aerofoils is also provided, involving a se-
quence of manual operations using the tool. The aerofoil
array may be a stator vane array for a gas turbine engine.
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Description

Background of the Invention

[0001] The present invention relates to axial flow ma-
chine assembly/disassembly tools and methods and, in
particular, to tools for handling components, such as aer-
ofoils, for overhaul and maintenance of axial flow ma-
chines.
[0002] In an axial flow machine, a fluid flow is directed
along a course that is substantially parallel to an axis of
rotation of the machine. An axial flow machine, such as
a compressor, impeller, turbine or the like, may form a
sub-assembly of a larger machine. The compressor of
an axial flow engine is one example of such a machine
and typically comprises several axially-aligned stages,
with each stage designed to increase the pressure of the
airflow passing therethrough. A conventional compres-
sor may thus comprise successive arrays, often referred
to as ’rows’, of aerofoils, typically arranged as successive
arrays of rotor blades with each rotor array being spaced
by an intermediate array of stator vanes. The purpose of
the stator arrays of aerofoils is to redirect the airflow either
before or after passage through the rotator array, thereby
influencing both the direction and pressure of the airflow
through the compressor.
[0003] Stator arrays of aerofoils are commonly at-
tached to the casing of the compressor, often via a com-
mon channel in the casing. Over time, and with prolonged
use, aerofoils in such an array have the potential to be-
come damaged, or otherwise need to be removed and/or
replaced.
[0004] The removal of individual aerofoils from an array
is a critical process in the overhaul of a gas turbine en-
gine. As such there is a need for the process to be as
streamlined and efficient as possible.
[0005] The conventional aerofoil removal process in-
volves sliding each stator aerofoil in turn along the chan-
nel in the casing so as to remove the aerofoil from an
open end of the channel. However, due to the high op-
erating temperatures of an axial flow engine and the load-
ing on the aerofoils in use it is possible for aerofoils to
become distorted and/or slightly misaligned over time,
and this can result in the aerofoils becoming stuck or
jammed in their position in the casing channel. This is a
particular problem due the high tolerance required be-
tween the stators and the channel. As such the force
required to loosen and remove an aerofoil is increased.
[0006] A basic process for the removal of aerofoils from
an axial flow engine involves attempting to loosen the
aerofoil by striking it with a hammer or mallet, and then
simply prying the aerofoil free by hand. The force provid-
ed by the combination of a hammer or mallet and prying
the aerofoil by hand is often insufficient to remove the
aerofoil. This process may need to be repeated a plurality
of times, typically using varying impact forces each time,
thereby making the process as a whole time-consuming
and potentially causing damage to the aerofoils and/or

the casing.
[0007] Furthermore, due to the variable condition that
each aerofoil may be found in, each aerofoil may need
to be treated differently. As such some aerofoils may
have been removed with minimal force whereas other
aerofoils in the same array may have undergone signif-
icant impact forces. Furthermore, the success of the en-
tire procedure can often also depend on the experience
of the fitter tasked with carrying out the procedure. Such
variations in both success rate and impact forces applied
are clearly undesirable for a critical process in the over-
haul of a gas turbine engine.
[0008] There have been several attempts to provide
alternative tools and/or systems for carrying out a stator
removal procedure such that the removal process can
be better controlled. Examples of such tools are dis-
closed in EP2169184, US 4,096,614, and US 8,381,379.
However each of these tools has been found to have
associated problems. Such tools represent large sys-
tems for accommodating the entire array and have a drive
mechanism for applying force to one or more stator in a
predetermined (i.e. circumferential) direction. Such com-
plex systems are therefore difficult for a fitter to use with
any real accuracy. Such tools often require that an ex-
cessive level of force is applied to remove an aerofoil
from its position, and this can potentially cause damage
to the aerofoil and/or casing, as well as creating poten-
tially hazardous situations for the fitter. Furthermore, the
large scale of such tools can also mean that they are
expensive to manufacture.
[0009] It is an aim of the invention to provide a tool for
which one or more of the problems discussed above is
at least partially mitigated. It may be considered a further
aim to provide a tool that can better accommodate re-
moval of individual aerofoils from an array in a more con-
trolled manner.

BRIEF SUMMARY OF THE INVENTION

[0010] According to a first aspect of the invention there
is provided a handheld tool adapted to facilitate the re-
moval of an aerofoil from an array of aerofoils for an axial
flow machine, the tool comprising a body portion, and
first and second jaw members depending from the body
portion, wherein the first jaw member is shaped to be
insertable between a first aerofoil and an adjacent aero-
foil in the array so as to contact a first portion of the first
aerofoil, and the second jaw member is adapted to con-
tact a further portion of the first aerofoil, the position of
the first and/or second jaw member being adjustable to
selectively grip the first aerofoil therebetween in use.
[0011] The first jaw member may comprise a substan-
tially flat inner surface. The first jaw member may com-
prise a curved inner surface. Alternatively the first jaw
member may comprise an inner surface that conforms
substantially to the shape of the aerofoil.
[0012] The first jaw member may have a length or
height that is substantially the same as the chord length
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of the first aerofoil. Alternatively, the first jaw member
may have a length that is longer than the chord length of
the first aerofoil.
[0013] The first jaw member may or may not be located
at a distal end of the body portion of the handheld tool.
The first jaw member may be fixed relative to the body
portion. Alternatively, both the first and second jaw mem-
bers may be adjustable. Adjustment means may be pro-
vided for the first and/or second jaw member, such as a
screw thread, slider, or similar arrangement.
[0014] The tool may be self-supporting on the first aer-
ofoil once it is gripped between the first and second jaw
members.
[0015] The second jaw member may be of a shorter
length than the first jaw member. The second jaw mem-
ber may be of a length that is substantially less than the
chord length of the first aerofoil. Alternatively, the second
jaw member may be of substantially the same length as
the first jaw member.
[0016] The second jaw member may comprise an inner
surface that is substantially parallel to the inner surface
of the first jaw member. The second jaw member may
comprise a substantially flat inner surface. The second
jaw member may comprise a curved inner surface. The
second jaw member may comprise an inner surface that
conforms substantially to the shape of the aerofoil.
[0017] The second jaw member may be located part
way between proximal and distal ends of the body portion
of the handheld tool.
[0018] The position of the second jaw member may be
adjustable relative to the position of the first jaw member.
The second jaw member may be provided with a lockable
formation, so as to selectively disable movement of the
second jaw member when in use. The lockable formation
may take the form of a pin or other latching member.
[0019] The body portion of the handheld tool may ex-
tend beyond the second jaw member (for example, in a
direction away from the first and second jaw members),
for example towards a user when the tool is in use. A first
body portion may extend between the first and second
jaw members and a second body portion may extend
beyond the first or second jaw member. The second body
portion may provide a lever or cantilever formation, such
as a levering arm. The levering arm may be used to fa-
cilitate the removal of aerofoils.
[0020] The body portion of the handheld tool may have
substantially the same width as the first and second jaw
members. Alternatively the body portion may have a
width that is longer than the width of the first and second
jaw members. Any, any combination, or all, of the body
portion, the first jaw member and/or second jaw member
may have a width dimension that is at least 10% or 20%
of the span of the first aerofoil. The width dimension may
extend across a majority of the span of the aerofoil in
use. Accordingly, when the aerofoil is gripped between
the jaw members any load applied to the tool is spread
evenly over a significant portion of the aerofoil span.
[0021] The body portion may have a substantially

cuboidal cross section.
[0022] The body portion and/or first jaw member may
be provided with an impact formation, for example at the
distal end of the body portion. Alternatively, an impact
formation may be located in a central region of the body
portion. The impact formation may be raised or upstand-
ing relative to the surface of the body portion or jaw mem-
ber. The impact formation may be strengthened relative
to the remainder of the body portion or jaw member, for
example being of greater wall thickness or depth. The
upstanding impact formation may be contacted by a mal-
let or hammer when in use, such that an impact force
and/or vibrations can be transferred from the upstanding
impact formation to the rest of the tool, and hence to the
aerofoil between the jaw members. This shocking or jolt-
ing action allows a jammed aerofoil to be dislodged in a
controlled manner and may thus facilitate the removal of
the aerofoil from the array.
[0023] The upstanding impact formation may be sub-
stantially cuboidal in cross section and/or circular in plan.
The upstanding impact formation may have a width that
is substantially the same as the body portion of the tool.
[0024] The body portion may be provided with a meas-
urement scale, such that the relative position of the jaw
members may be indicated.
[0025] The body portion of the tool may be at least
partially hollow. In one example only the proximal end of
the body portion may be hollow whereas the distal end
of the body portion may be solid.
[0026] The proximal end of the body portion may be
provided with a screw thread arrangement.
[0027] In one embodiment, the body portion comprises
a handle, typically spaced from the first and second jaw
members. The handle is preferably arranged to allow ap-
plication of a tensile force in the body member, for ex-
ample in a longitudinal direction of the body member
and/or substantially perpendicular to the first jaw mem-
ber. The handle may be spaced form the first jaw member
by the second jaw member. The handle may extend in a
direction that is substantially perpendicular to the direc-
tion of spacing and/or relative movement between the
first and second jaw members. The handle may take the
form of a closed loop.
[0028] The handle may depend from the proximal end
of the body portion, e.g. towards a user when the tool is
in use. The handle may have a circular or rounded cross
section, so as to facilitate grasping of the handle. The
surface of the handle may be contoured and/or provided
with a non-slip material to improve grip.
[0029] The handle may comprise a first handle, which
may be rigidly attached to, or integral with, the body por-
tion.
[0030] A second handle or grip portion may be provid-
ed, which may be adjustable relative to the body portion
and/or first handle. The second handle may be selectively
lockable. The second handle may depend from the prox-
imal end of the body portion for example, towards a user
when the tool is in use. A portion of the second handle
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may extend into a hollow section of the body portion. The
second handle may be adjustable in a direction towards
and away from the first handle, for example in a direction
between the first handle and first jaw member. The sec-
ond handle may be linearly slidable relative to the body
portion and/or first handle.
[0031] The second handle may allow adjustment of the
second jaw member. The second handle may be integral
with, or rigidly connected to, the second jaw member.
[0032] The second handle may or may not depend
from the proximal end of the body portion, for example
within the perimeter of the fist handle. The second handle
may sit between the body portion of the tool and the first
handle. That is to say, there may be a gap between an
outer surface of the second handle and an inner surface
of the first handle.
[0033] The second handle may be provided with a
screw thread arrangement. The second handle may be
adjustably engaged with a corresponding screw thread
in the body portion.
[0034] A releasable lock or latch may be provided for
selectively fixing the relative spacing between the first
and second jaw members. The second handle may be
locked into position so as to prevent movement of the
second jaw member. The second handle may be provid-
ed with a release button, catch, latch, a tighten-able
nut/bolt or other releasable locking means so as to se-
lectively engage/disengage the second handle with the
body portion.
[0035] The array of aerofoils may be a circumferential
array, for example, a row of aerofoils arranged about a
common axis, or part thereof. The aerofoils to be re-
moved may be vanes. The aerofoils to be removed may
be stator vanes.
[0036] The axial flow machine may be a compressor,
turbine, impeller or engine. The axial flow machine may
comprise an axial flow engine, such as a gas turbine en-
gine.
[0037] The aerofoils may be attached to a common
support structure, which may be curved in form. The sup-
port structure may be a casing arrangement of the axial
flow machine. The aerofoils may be aligned within a re-
cess or slot within the support structure.
[0038] Any, any combination, or all of the body portion,
the first jaw member, the second jaw member and/or the
tool may be formed of a polymer/plastic material. At least
the aerofoil contacting portions of the tool may be formed
of a polymer/plastic material. A thermoplastic material,
such as nylon may be used. The jaw members and/or
handle portion may be formed of a different material to
that of the tool body portion. However, most preferably
the tool is formed of a uniform material. This has the
advantage of being able to transfer loading and/or vibra-
tions effectively through the tool to the first aerofoil.
[0039] The first portion of the aerofoil may be a first
surface, such as a suction surface of the aerofoil. The
further portion of the aerofoil may be an opposing surface
(for example, a pressure surface) and/or an opposing

portion, such as the leading or trailing edge of the aerofoil.
The second jaw member may be moved in a direction
towards the opposing surface to engage aerofoil. In any
embodiment, the first portion of the first aerofoil may face
the further/opposing portion of the adjacent aerofoil in
the array.
[0040] According to a second aspect of the invention
there is provided a method for removing aerofoils from
an array of aerofoils for an axial flow machine, the method
comprising the steps of:

i. inserting a first jaw member of a handheld tool be-
tween a first aerofoil and an adjacent aerofoil in the
array, such that the first jaw member contacts a first
portion of the first aerofoil;
ii. adjusting the position of the first and/or second
jaw member such that the second jaw member con-
tacts a further portion of the aerofoil so as to grip the
aerofoil between the first and second jaw members;
and
iii. applying a tensile force to the tool away from the
first jaw member in order to remove the aerofoil from
its position in the array.

[0041] The method may further comprise the step of
realigning the aerofoil in the horizontal and/or lateral
planes. The method may comprise applying a torque
force about a longitudinal axis of the aerofoil via the tool,
for example via a lever portion of the tool.
[0042] The method may further comprise the step of
impacting a portion of the tool to dislodge the aerofoil
from the array. The impacting may be carried out using
the hammer or mallet to apply a force to the body portion
or a fixed jaw member of the tool, for example to an up-
standing formation of the body portion. Impact may be
applied whilst a tensile force is applied, so as to facilitate
the removal of the aerofoil.
[0043] The impacting and or pulling of the tool may be
performed manually.
[0044] Steps i to iii may be repeated for each aerofoil
of the array in turn. The invention provides a standardised
but manual process for aerofoil removal which can thus
accommodate the separate handling of each aerofoil
whilst still allowing a process for controlling the forces
applied to disassemble the array.
[0045] Any of the preferable features described above
in relation to the first aspect may be applied to the second
aspect of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0046]

Figure 1 shows a partial perspective view of a con-
ventional stator vane arrangement for a gas turbine
engine;

Figure 2 shows a schematic end view of a conven-
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tional half stator array;

Figure 3 shows a schematic side view of a tool ac-
cording to an example of the invention when en-
gaged with an aerofoil;

Figure 4 shows a plan view of the tool of Figure 3; and

Figures 5A to 5g show the stages of an aerofoil re-
moval process according to an example of the in-
vention.

DETAILED DESCRIPTION OF THE INVENTION

[0047] Referring to Figure 1, there is shown a portion
of a conventional circumferential aerofoil array 2 for a
gas turbine engine. The aerofoil array 2 in this example
comprises a stator vane array for a compressor. The
vanes 4 depend radially inwardly from a casing structure
6 to which the vanes are fixedly attached at their outer
ends in use. In particular, the casing 6 is annular in shape
and has an elongate recess or channel 8 therein. The
channel is annular in form and is defined by opposing
side walls 10, 12, which typically comprise a groove, lip
or other retaining formation so as to define a slot for hold-
ing the vanes 4 securely within the recess (for example,
in a radial direction).
[0048] In the example shown, two rows of vanes are
provided in a fore and aft arrangement within the annular
recess 8. The two rows are held in place by an interme-
diate retaining ring formation 10, thereby defining two
channels within the recess 8. In alternative embodiments,
a single channel or recess may be provided for each array
of aerofoils. The casing 6 may accommodate a single or
multiple compressor stages as necessary.
[0049] The stator vanes 4 each have a respective
mounting formation 14 at an end thereof to be retained
in the casing recess 8. When mounted for use, the mount-
ing formations of adjacent vanes abut in a side-by-side
arrangement.
[0050] As can be seen in Figure 2, the vanes 4 depend
substantially radially inwardly from the annular recess 8.
In use the casing 6 forms a complete annulus such that
the casing defines an outer wall of an annular flow pas-
sage. For assembly or removal of the vanes, the casing
6 can be split into a plurality, typically two, portions. Thus
the annular recess 8 of each portion is open-ended to
allow insertion and removal of vanes. The vane mounting
formations 14 slide along the recess to/from the desired
vane location.
[0051] Turning now to Figure 3, there is shown a hand-
held tool 16 adapted to facilitate the removal of an aerofoil
from an array of aerofoils, such as the stator vane array
2 for an axial flow engine described above. The tool 16
comprises a body portion 18 that extends in a first direc-
tion. The body portion 18 comprises proximal 20 and dis-
tal 22 ends spaced in said first direction. A first jaw mem-
ber 24 depends from the distal end 22 of the body portion

18, and extends away from the body portion in a second
direction that is generally perpendicular to the first direc-
tion.
[0052] A second jaw member 26 depends from a mid
portion of the body portion 18 at a location spaced from
the distal end 22. The second jaw member 26 is thus
spaced from the first jaw 24 in the first direction. Typically
the second jaw member 26 is also spaced from the prox-
imal end 20 in said direction. The second jaw member
26 is moveable back and forth along the body portion 18
in the first direction as indicated by arrows 27. In this
regard the second jaw member 26 may be mounted in a
slot or channel, such as an internal channel 28, within
the body member. In such an arrangement, the second
jaw member 26 may comprise a slider or runner formation
29 arranged to permit linear motion along the channel
28, whilst maintaining the second jaw 26 at the desired
orientation, typically perpendicular to the first direction
and/or parallel with the first jaw member.
[0053] In this example, the proximal end of the body
member is hollow, thereby having an internal recess to
accommodate the second jaw member and/or the asso-
ciated slider 29. The slider is a close fit within the recess.
[0054] The body portion 18 extends beyond the second
jaw member 26 towards a user when in use, for example,
in a direction away from the first jaw member 24 or distal
end 22, such that an overhang or cantilever arrangement
of the body portion is formed. In contrast, the body portion
18 terminates at the first jaw member 24 at the distal end
22 of the tool. The overhung body portion defines a lever
arm section, the function of which will be described below.
[0055] The body portion 18 has a substantially cuboidal
cross section in this example.
[0056] The body portion 18 and/or jaw members have
a width 17 that is at least 10% or 20% of the span 19 of
the aerofoil 12. Preferably the width 17 extends over a
majority of the span 19 of the aerofoil 19 and may be
about 75% of the aerofoil span. The width 17 of the body
portion 18 is preferably substantially the same as the
widths 25,27 of the first 24 and second 26 jaw members.
This allows the jaw members to maintain contact with the
aerofoil along a significant proportion of its span. The
width dimension may be greater than, for example, 1, 2,
5 or 10 cm depending on the size of the aerofoil to be
removed. The body portion 18 comprises an impact for-
mation 30 at distal end 22. The impact formation 30 com-
prises a strengthened or reinforced region of the body
so as to be able to withstand impact in one or more pre-
determined direction. In this example the impact forma-
tion 30 is an upstanding formation, thereby having an
increased wall thickness or depth dimension as com-
pared to the surrounding body portion. The upstanding
nature of the formation is also beneficial in that it indicates
a direction in which the formation is intended to be struck
in use, which is typically in a direction towards an aerofoil
held between the first and second jaw members. In this
example the impact formation is upstanding in a direction
extending away from the first and/or second jaw mem-
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bers. The formation is preferably on an opposite side of
the body to the side from which the jaw members depend.
The impact formation may be upstanding in a direction
which is substantially parallel with the direction in which
the first and or second jaw members extend (for example,
perpendicular to the body portion surface).
[0057] The impact formation in this example takes the
form of a nodule or protrusion but may additionally or
alternatively be reinforced in other ways, such as by pro-
vision of a second, reinforcing material. In this example
the upstanding impact formation 30 is elongate and ex-
tends across the width 17 of the body portion 18. This
allows impact to be provided at multiple different places
across the width of the tool 16 in use.
[0058] In some examples, the body portion 18 may also
comprise a measurement scale, typically proximate to
the second jaw member, which may facilitate the posi-
tioning of the first 24 and second 26 jaw members.
[0059] A first handle 34 depends from proximal end 20
of the body portion 18. The first handle 34 extends in a
direction that is substantially parallel with the first and/or
second jaw members. Thus, when gripped by a user, the
handle allows a tensile force to be applied in a direction
that is perpendicular to the direction in which the first jaw
member extends, for example, in the direction of arrow
32 in Figure 3.
[0060] The opposing ends of the first handle 34 are
attached to the proximal end 20 of body portion 18 at
spaced locations. The handle 34 may be integrally
formed with the body portion as a single piece. In this
example, the handle is generally hemispherical in plan
and may be generally circular in cross section. The first
handle 34 may comprise a non-slip substance and or grip
formations as required.
[0061] A second handle 36 is provided to actuate the
second jaw member 26. The second handle is operable
by a user so as to cause a corresponding movement of
the jaw member 26. The second handle 36 depends from
the proximal end 20 of body portion 18 and may be con-
tained within the perimeter of the first handle 34. In an
embodiment as shown, in which the second handle 36
is generally hemispherical in shape, the hemisphere de-
scribed by the second handle 36 has a smaller radius
than that of the hemisphere described by the first handle
34. Thus the second handle 36 sits between the proximal
end 20 of the body portion 18 and the first handle 34.
[0062] The second handle 36 is generally circular in
cross section and may comprise a non-slip material
and/or grip formations.
[0063] The second handle 36 extends into the hollow
portion (for example, recess 28) of the body and is con-
strained to a one-dimensional, or sliding, motion. The
second handle 36 is mechanically attached to the second
jaw member 26 in both forward and reverse directions
27. The movement of the second handle 36 therefore
actuates the second jaw member 26 towards and away
from the first jaw member 24. The relative positions of
the first and second handles allow significant manual

force to be applied to grip an aerofoil in use.
[0064] The second handle 36 or jaw member 26 com-
prises a releasable locking formation or mechanism to
selectively lock the second jaw member at a desired lo-
cation relative to the first jaw member. This may be pro-
vided for example by a releasable threaded member that
can be tightened against the slider 29 or handle or else
a latching formation. Thus the jaws can be locked in po-
sition about an aerofoil in use.
[0065] Whilst the actuation of the second jaw in this
example is achieved by a slidable handle 36, it will be
appreciated that other mechanisms could be provided
for more accurate and controlled adjustment, such as,
for example: a threaded actuator that can be rotated to
generate linear movement in the direction of the axis of
rotation; a rack and pinion arrangement; or a lever ar-
rangement.
[0066] The height dimension of second jaw member
26 is shorter than that of the first jaw member 24 in the
example shown in Figure 3. The tool will typically be be-
spoke to a known aerofoil array such that its dimensions
are definable as being relative to those of the aerofoils
or array.
[0067] The first jaw member 24 is shaped so as to be
insertable between a first aerofoil 4 and an adjacent aer-
ofoil in the array. The first jaw member is planar in form,
taking the form of a wall, and has a wall thickness or
depth dimension that is less than or substantially equal
to the spacing between opposing surfaces of adjacent
aerofoils in the array. The first jaw member 24 comprises
a substantially flat inner contact surface but could other-
wise be curved depending on the specific aerofoil array
to be accommodated.
[0068] The first jaw member 24 has a height that is
longer than the chord length of the aerofoil 4. The second
jaw member 26 may be of a shape and dimensions equiv-
alent to that of the first jaw member, although the height
of the second jaw member may be reduced in light of the
curved nature of the aerofoils 4, such that the second
jaw member is only required to contact a leading or trail-
ing edge on the pressure side of aerofoil 4.
[0069] The jaw members preferably comprise a mate-
rial that is softer than that of the aerofoils 4. The contact
surface of the jaw members or the jaw members, as a
whole, may be formed of a polymer material. Nylon has
been found to provide beneficial material properties for
the purpose of the invention, although other similar ma-
terials may be suitable.
[0070] The body portion 18 and/or the tool as a whole
may be substantially formed of a polymer material. The
tool may be formed substantially uniformly of the same
material, potentially with the exception of any fasteners
or actuating/locking members.
[0071] The method of using the tool 10 is as follows,
with reference to Figures 5A-5G. The first jaw member
24 is inserted into an array of aerofoils in a direction gen-
erally parallel with the first jaw member, between the first
aerofoil 4A to be removed, and an adjacent aerofoil 4B
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in the array. The inner surface of the first jaw member 24
thereby contacts the suction/convex surface of the first
aerofoil 4A part way between the leading and trailing
edge of the aerofoil.
[0072] The first jaw member is preferably a relatively
close fit between the adjacent aerofoils 4A and 4B so
that an outer surface of the first jaw member is proximate
to, or in contact with, the opposing side of the adjacent
aerofoil 4B at the same time as being in contact with the
suction surface of the aerofoil 4A.
[0073] The second handle 36 is moved towards the
distal end 22 of the body portion 18, so that the second
jaw member 26 also slides towards the distal end 22 of
the body portion 18, i.e. towards the first jaw member, in
the direction of arrow 27. The second jaw member con-
tacts the pressure/concave side of the aerofoil 4A at an
edge thereof (the trailing edge 38 in this example). A
clamping force can be applied between the first and sec-
ond jaws by pushing the second handle 36 away from
the first handle 34, or by use of any other suitable actu-
ation mechanism as described above.
[0074] The second jaw member 26 is locked in place
with the aerofoil 4A being held between the jaw members
under compression. The tool 16 is typically self-support-
ing on the aerofoil in this configuration by virtue of the
applied clamping force.
[0075] In the clamped condition, the tool can be man-
ually articulated via handle 34.
[0076] In particular, the user may first attempt to re-
move the aerofoil 12 from its position by grasping the first
handle 34 and applying a pulling force as shown in Figure
5C.
[0077] In order to facilitate the removal of the aerofoil
4A, if a simple pulling action is insufficient, the user can
then attempt to lever the tool via the handle 34 so as to
dislodge the aerofoil 4A from the array as shown in Figure
5D. The overhang of the proximal end 20 provides a suit-
able levering arm. Due to the handle configuration, the
user can also attempt to pull the tool whilst applying a
levering action.
[0078] The levering action is a rotation of the tool about
a longitudinal axis of the aerofoil, for example, about an
axis parallel with the width dimension of the tool 16, or a
radial direction for a circumferential aerofoil array. The
tool in this configuration is also beneficially levered
against the adjacent aerofoil 4B such that the levering
force applied is not entirely dependent on the clamping
force applied between the first and second jaw members.
[0079] Additionally or alternatively, the tool may be ma-
nipulated to apply torque to the aerofoil about a further
axis as shown in Figure 5E, for example, in a twisting
action, whereby the aerofoil is rotated about a point sub-
stantially mid-way along the aerofoil span. The axis of
rotation is thus substantially perpendicular to the longi-
tudinal axis of the aerofoil or the width direction of the
tool. The form of the handle 34 is again useful for applying
a force of this kind.
[0080] The above-described levering actions can dis-

lodge a vane or other aerofoil that may have become
jammed in its mounting in use with minimal likelihood of
damaging the aerofoil or causing danger to the user.
[0081] However in the event that the above steps are
insufficient to dislodge the aerofoil 4A, then the user may
apply an impact force using a conventional hand-held
tool such as a hammer or mallet 40 as shown in Figure
5F. The mallet 30 may be used to strike the impact for-
mation 30 in one or more of predetermined directions A
or B, typically in the vicinity of the distal end 22 of the tool
body. Such impact forces can be applied whilst holding
the handle 34 and/or pulling the tool away from the aer-
ofoil 4B.
[0082] The uniform nature of the first jaw 24 and tool
body portion 18 provides good transfer of the impact force
and/or vibrations to the aerofoil 4A. Impacts can be re-
peated as many times as necessary. In the example
shown, the impact is made to the impact formation from
the distal end of the tool. This serves to dislodge the
aerofoil 4A in the direction of removal from the array
and/or associated casing structure.
[0083] If the aerofoil remains stuck fast after hammer-
ing, any of the above steps for manipulating the tool via
handle 34 can be repeated whilst also impacting the tool
in order to dislodge the aerofoil.
[0084] Once dislodged, the aerofoil 4A can be slid from
the casing structure in the direction of removal C as
shown in Figs 5F and 5G, for example, away from the
remainder of the aerofoils in the array.
[0085] The steps described above for removal of aer-
ofoil 4A may be repeated for the removal of each aerofoil
in turn from the array of aerofoils. The method is partic-
ularly advantageous in that it allows manual intervention
in the removal of aerofoils (for example, to accommodate
different forces that may be required to remove each dif-
ferent aerofoil from the array) whilst still providing a stand-
ardised and simple process that can be followed to en-
sure the mechanical integrity of the aerofoils is not jeop-
ardised. The force feedback offered by the tool is unlike
fully automated processes and allows a fitter to ascertain
which steps are relevant to undertake in each given sce-
nario.
[0086] Accordingly, any combination of the method
steps in sequence as described above may provide a
definition of a method according to the invention.
[0087] The tool and aerofoil removal process is de-
scribed above with reference to a gas turbine engine sta-
tor vane array. However it will be appreciated based upon
the above description that the tool may be adapted for
use with a number of other types of aerofoil array where
it is desirous to remove aerofoils either individually or in
small numbers from an aerofoil array that is held by a
common circumferential support structure. The tool of-
fers a relatively low cost and versatile means for removing
aerofoils that improves on conventional hand tools, with-
out the requirement for costly and somewhat ineffective
machinery.
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Claims

1. A handheld tool (16) adapted to facilitate the removal
of an aerofoil (4) from an array of aerofoils (4) for an
axial flow machine, the tool (16) comprising:

a body portion (18), and
first and second jaw members (24,26) depend-
ing from the body portion (18),
wherein the first jaw member (24) is shaped to
be insertable between a first aerofoil (4A) and
an adjacent aerofoil (4B) in the array so as to
contact a first portion of the first aerofoil (4A),
and the second jaw member (26) is adapted to
contact a further portion of the first aerofoil (4A),
the position of the first and/or second jaw mem-
ber (24,26) being adjustable to selectively grip
the first aerofoil (4A) therebetween in use.

2. The handheld tool (16) according to Claim 1, wherein
the first jaw member (24) is provided towards a first
end (22) of the body portion (18) and is fixed relative
to the body portion (18), the position of the second
jaw member (26) being adjustable in a direction be-
tween the first end (22) and an opposing end (20) of
the body portion (18).

3. The handheld tool (16) according to Claim 1 or Claim
2, wherein any or any combination of the body portion
(18), the first jaw member (24) and the second jaw
member (26) have a width dimension that is greater
than 20% of the span of the first aerofoil (4A).

4. The handheld tool (16) according to any preceding
claim, wherein the first jaw member (24) has a height
that is greater than or substantially equal to the chord
length of the first aerofoil (4A).

5. The handheld tool (16) according to any preceding
claim, wherein the second jaw member (26) is short-
er in height than the first jaw member (24).

6. The handheld tool (16) according to any preceding
claim, wherein the first jaw member (24) and second
jaw member (26) are substantially parallel in orien-
tation.

7. The handheld tool (16) according to any preceding
claim, wherein the first portion of the first aerofoil
(4A) is on a suction side of the aerofoil and the further
portion of the first aerofoil (4A) is an opposing portion
of the first aerofoil (4A).

8. The handheld tool (16) according to any preceding
claim, wherein the second jaw member (26) is move-
able towards a pressure side of the first aerofoil (4A)
and/or the further portion of the first aerofoil (4A) is
an edge of the aerofoil.

9. The handheld tool (16) according to any preceding
claim, wherein the body portion (18) comprises a
handle (34) spaced from the first and second jaw
members (24,26), the handle (34) being oriented to
allow application of a tensile force in the body mem-
ber (18) between the handle (34) and the first jaw
member (24).

10. The handheld tool (16) according to Claim 9, wherein
the handle (34) is attached to the body portion (18)
at two spaced locations and the handle (34) extends
in a direction that is substantially parallel to the di-
rection of spacing and/or relative movement be-
tween the first and second jaw members (24,26).

11. The handheld tool (16) according to any preceding
claim, wherein the body portion (18) extends from
the first to the second jaw member (24,26) and be-
yond the second jaw member (26) in order to provide
a lever formation for application of torque to an aer-
ofoil (4) maintained between the first and second jaw
members (24,26).

12. The handheld tool (16) according to any preceding
claim, wherein the body portion (18) comprises an
upstanding impact formation for transfer of impact
forces to the first and/or second jaw member (24,26)
in use.

13. A method of removing aerofoils (4) from an array of
aerofoils (4) for an axial flow machine, the method
comprising the steps of:

i. inserting a first jaw member (24) of a handheld
tool (16) between a first aerofoil (4A) and an ad-
jacent aerofoil (4B) in the array, such that the
first jaw member (24) contacts a first portion of
the first aerofoil (4A);
ii. adjusting the position of the first and/or a sec-
ond jaw member (24,26) such that the second
jaw member (26) contacts a further portion of
the aerofoil (4A) so as to grip the aerofoil (4A)
between the first and second jaw members
(24,26); and
iii. applying a tensile force to the tool (16) away
from the first jaw member (24) in order to remove
the aerofoil (4A) from its position in the array.

14. The method according to Claim 13, further compris-
ing applying a torque force to the first aerofoil (4A)
via the tool (16).

15. The method according to Claim 13 or Claim 14, fur-
ther comprising impacting a portion of the tool (16)
to dislodge the aerofoil (4A) from the array.
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